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ABSTRACT 



A controller and method for controlling the operation 
of electrically powered pool related apparatus in recre- 
ational pool system, and more particularly for control- 
ling the flow of pool water through the pool system and 
water -conditioning apparatus, is disclosed. The control- 
ler includes a logic circuit formed with a plurality of 
logic gates coupled to pool-water-sensing apparatus and ' 
programmable input apparatus in accordance with a 
predetermined logic sequence. The pool system in- 
cludes a swimming pool and spa, and the pool-water- 
conditioning apparatus includes a solar water heater 
and a non-solar water heater. The controller is capable 
of preferential solar heating and of temperature- 
switched operation, time-switched operation and a 
combination thereof, as well as manual switching. 

29 Claims, 6 Drawing Figures 
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fail, however, the gas heater will still be operating, with 

CONTROLLER AND CONTROL METHOD FOR A a disastrous effect. 

, POOL SYSTEM ~ In Terms of energy savings, "dumb" timers or control- 
lers can only roughly attempt to achieve some economy 

BACKGROUND OF THE INVENTION ■ 5 in the use of energy. Solar panels can be set to operate 

The recreational pool industry has experienced two during the time of day when solar energy is most likely 

draSt^enTtohavTantaed thc^usiry in a ^bm avaitoble, filters can be set to function at night 

pervasive manner. First, the energy crisis has hastened whe P lhe **?Tt "1 ^ ? 7T"2i 

th^developmenl of solar energy wWr-beatmg appara, _ spas can be heated only m the late »^rnoon and eve- 

tus, and teSaythere are n^crcms solar-energy-based "> nihg, when they are most generally used. Such timing of 

systems- wmch are qufee.practical and in widespread use pool water-cpnditioning functions, however, only ap- 

in connection with heating pool water- -The . second pro«mates the optimum energy usage for the pool sys- 

recent phenomenon is the widespread popularity of spas tern, and the day-to-day climatic variations which occur 

or hot tubes, which are installed and used alone or in will result in a need for constant supervision of the 

conjunction with' swimming pools:' . ■ . 15 control functions or inefficient energy use, or both. 

Xhe energy crisis and the increased interest in and the The ability to truly attain an energy-efficient recre- 

popularity of spas inherently pose some degree of con- ational pool system requires a controller that not only 

fliet. Spas normally operate at water, temperatures in can perform timed sequencing of water-condMoning 

excess of 90" K and typically include water Jets or the functions, but can also sense the need for. these func- 

like for circulation of the water- and. for hydromassage. • tions, sense the o p eration of the equipment during pcf- 

Both increased water temperature and water circulation fortnanee of the functions, and preferably, can effect 

require the tee of energy. By contrast, however, a spa is t emp er a ture switching as well as timed switching of the 

a much smaller body of water than a swimming pool, water-conditioning functions. Moreover, the ability to 

making the- total heat required less and the Ability to sense operation of the pool water-conditioning appara- 

conserve heal by covering the smaller pool of water is 25 t us and to make control decisions based upon the Opcra- 

nJOrre practical. "' >- : " " •* tion of such apparatus allows the controller to protect 

-One -area hi which*, eflbxts to conserve energy- have the system against "mindless** continued operation that 

been: largely overlooked has been- in connection with can eventually destroy or endanger the apparatus, 

control apparatus for controlling the operating cbndi- U.S. Pat. No. 3,906,928 discloses a solar-heater con- 

tions of the .water in a pool •system- , U.S. - Par. No. 3° trol system in which a limited attempt has been made to 

3,99 1.742 discloses a swimming- pool system which em- provide some feedback into a solar pool-heating system, 

ploys both a gas heater and a" solar heater. -The swim- ih this patent, a solar-heat sensor is placed proximate 

mi rig pool 'filter pump is used* to -pump water to either the solar panels and is used to control the flow of water 

the solar hearer or the gas. heater and subsequently to to the solar panels. While providing some improvement 

return the water to the pool. The thrust of US- Pat No. .35 ovcr a manual Q f time-switched system, the apparatus 

3.991.742 is directed to the construction of the solar. wd method of U.S. Pat. No. 3,906,928 is relatively - 

heating- apparatus or panels, not a system or. apparatus simplistic and inherently limited in its control functions, 

for controlling the flow. x>f pool water as between, the A somewhat more complex control system for a rcc- 

solar panels and the gas heater. ■ ■ ■ rational pool is shown in U.S. Pat. No. 3,809,116. In 

In the system .of U^ Pat. No. 3,991,742, the flow of 40 ^ a controller is provided to maintain the 

water is controlled by gate val yes that arc manually u<Juid level in the pool within a given range- The system 

operated. In, practice most pool water, heating systems includes timed, demand and «m»»m»' modes of operation, 

that .include solar aw* gas ^eating are either manually bili hasiesiay ^ controller is provided by a relatively 

controlled or provided. wUh a simple timer that controls simple mechanism and a plurality of sensors in the 

a plurality - of valves. .Thus, the filter pump can be 45 forTO ^ switches that will override the clock meeha- 

switched off and on by the toner, and the gate valves nixm ^ forther . for moa t recreational-pools the prob- 

can be qpetuted by.sole^idsand opupled to the timer. Iem of when to add water, pales by comparison to the 

Such rcontroUmg'* of the.heaters and other water-con- water _ hea tirig and filtration problems, 
dittonmg apparatus m recreational pool systems,- there- 

fore, has been relatively crude and largely based upon. so OBJECTS AND SUMMARY OF THE 

user convenience rather than .any attempt at providing INVENTION 



energy efficiency. . . ; .. _ .■ A- Objects of the Invention 

The control timers, which have previously been used, 

withirecreabxmal pool systems have also generally been Accordingly, it is a object of the present invention to 

••'dumb" controllers hi that timing functions proceeded $5 provide a controller for recreational pool systems 

iodfcpendently-and without any feedback as to operating which , will enable enhanced efficiency in the use of 

conditions * in "the pool ..system or .the functioning or". energy in the operation of pool water-conditioning 

failure to function of the bHier/ water conditioning, appa- apparatus. 

ratus. Mechanical timers will rorn on a filter pump and ' Another object of the present invention is to provide 

thereby pump pool water into a solar panel located on W a controller and a method of controlling recreational 

the roofbf a building tern preset time period, e.g., four pool systems which are capable of controlling electri- 

hours, in the middle of the day. tf, however, the solar cally powered, pool-related apparatus based upon a 

panel has developed a substantial leak, ' the timer 'will combination of programmed input and actual operating 

cause the pump to proceed for four hours to empty the conditions in the pool system. 

pool by pumping water into the leaking solar, panel. 65 . Another object of the present invention is to provide 

Similarly,' when •'dumb" controllers - are" used, one a controller for recreational pool systems which is capa- 

tiimrjg function may turn on the gas heater, while an- ble of interrelating the operation of pool water-condi- 

other turns onthe filter pump. If the filter pump should tioning apparatus as between a multiplicity of pools. 
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Still a further object of the present invention is to DESCRIPTION OF THE DRAWING 

provide a controller for recreational pool systems , . - ^.„ r - 

which is capable of time-based and/or temperature- HG. 1 is a hydraulic and elecmcal schemaacrepre- 

i of the oool water-heatimt apparatus. sentation of a recreational pool system having a control- 

^11 anotET objcTt ^thTp^c^ Sfv^ET ^to 5 ler constructed in accordance with the present inven- 

provide a controller for a J*»*^* J?°2 ^JG. 2 is a key diagram interrelating the portions of 

which will protect the pool water-o^t«nmg appara- & bIock diagram f Gr a controller constructed in accor- 
tu» against destructive continued operation. dance with the present invention. 

Another object of the present invention is to provide , Q pjQ 3 ^ s block diagram of a temperature input 
a controller for a recreational pool system which can be rtion of me conquer of the present invention, 

installed as original equipment or integrated into exist- j?IG. 4 fa a block diagram of a temperature logic 

ing pool systems. . portion of the controller of the present invention. 

Still another object of the present invention is to . fig. 5 i* a block diagram of a timing portion of the 

provide a controller for a recreational pool system ca- JS controller of the present invention. 

pablc of operation of a multiplicity of pool water-condi- FIG. 6 is a block diagram of a bydromassasc portion 

tioning apparatus on an independe n t, interrelated, or 0 f xhc controller of the present invention. 

P1 t^Thi 1 ob5S of the present invention is to provide DESCRIPTION OF^XOTFREreiO^ 

a controller for a recreational pool system which is ZO EMBODIMENT 

capable of sophisticated and complex control functions Pool System 

and yet is reliable and failsafe in its operation. The controller of the present invention can be advan- 
Another object of the present invention is to provKic tageously employed to control the operating conditions 
a controller for a recreational pool system- winch is of a system having a single pool, such as a swim- 
relatively inexpensive to construct and install, provides * 3 ro j ng pool or a hot tube, but the many advantages of the 
greatly increased flexibility of operation, and can be present controller are best illustrated by a recreational 
readily adapted for control of a wide variety of different p^ system having a plurality of pools. As shown in 
pool system configurations. FIG. 1, a spa 21 is installed in a position closely adjacent 

The controller and method of controlling recre- ^ a conventional swimming pool 22, 

atio rial pool systems of the present invention has other as is common for most pool systems, the pool system 

objects and features of advantage which are set forth in of FIG. 1 includes a variety of electrically powered, 

more detail in the following description of the preferred pool water-conditioning apparatus formed to heat, fxl- 

embodiment or will be apparent from the accompany- ter, agitate, clean and aerate the pool water. Addition- 

ing drawing. 35 ally, other electrically powered apparatus may be cm- 

_ ployed in the pool system, such as tights around and in 

B. Summary of the Invention th e pool and/or spa. Hydraulic circuit means, generally 

The recreational pool system controller of the pres- designated 24 and shown in FIG. 1 as relatively thick 

ent invention includes a plurality of sensing apparatus solid lines, couples the various water-conditioning ap- 

formed and positioned to sense conditions in the pool 40 paratus for spa 21 and pool 22 for the flow of pool water 

system, actiiating tneans formed and coupled to eleetri- through the water-conditioning apparatus in accor- 

- dance with command* from controller means 26, which 



cally powered apparatus, such as water-conditioning 



apparatus, for actuation of the same, and programmable m the preferred form ts electncaUy couple J^jCOTdxic- 

iiputmeans formed for receipt and storae Of time se- tor means, generally designated 23 and shown in FIG- J 

qucLc input and temperature input and formed to pro- 45 by relatively thm lines, to the pool water-condmomng 

I^^S^f^t^S^^^^^. ^aTSS herein, the expression "pool" shall include 
also includes a circuit <^J*8 **""^"g£"*™L swimmiu g pools, spas, hot tubs or other recreational 
actuating means '^^^^SS^ZT^^^l pools of water. The expression -pool water" shall simi- 
the operating parameters of the pool system, and the £riy mean water that is circulating in the pool system, 
improvement m the controller of the present invention wJusfher or not it ^ directed to or from the swimming 
is comprised, briefly, of providing the circuit as a logic ^ spa, hot tub or the like. Moreover, as used herein 
circuit formed with a plurality of logic gates coupled to ^ ^iissaet* "pool related conditioning apparatus- 
logic conversion means formed to convert signals from aad "conditioning apparatus" shall include apparatus 
the sensing apparatus and the input means and formed J5 for neatin g and filtering the pool water and shall further 
to drive said actuating means only upon the existence of include electrically powered or actuated pumping appa- 
a sequence of predetermined logic states in the- logic ratus, valves, lighting, apparatus to aerate the pool 
circuit. In the improved controller feedback from sens- water and apparatus to clean the pool, 
ing apparatus in the pool system Is combined by logic 

gates with input from the user of the controller to con- & Hydraulic Circuit 
trol such functions snch as pumping, valve operation. in the pool system of FIG. 1. a conventional swim- 
solar water heating, noh-eolar water heating, filtration, ming pool filter 27, together with its filter pump 28, are 
spa operation, pool sweep operation, and hydromas- coupled by conduit 29 to an intake valve 31. Extending 
sage. The ability to program these functions with the from valve 31 is a first conduit 32, that terminates in 
controller on a timed- or temperature-switched basis 65 intake inlet 33 in swimming pool 22. and a second con- 
enables the pool system to maximize the use of available duit 34, which terminates in intake 36 located in spa 21- 
solar energy and minimize the use of non-solar energy The intake valve 31, therefore, can be operated so that 
for both heating and filtration. pump 28 will withdraw water selectively from either 
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the spa or the swimming pool and pump the same into torn of swimming pool 22 so as to move sediment to the 
filter 27 for nitration purposes. main drain- 
After filtration, the pool water passes through check As thus described, the various components of the 
valve 37 in conduit 38 to valve 39. The swimming pool hydraulic circuit of the pool system of the present in- 
system of the present ' invention is provided with solar 5 vention are conventionally formed and do not by them- 
watcr-hcating apparatus, such as solar panels 41, and selves constitute a novel portion of the present appara- 
non-solar water-heating apparatus, such as gas heater tus or method. Moreover, alternate hydraulic circuits 
42. Accordingly, valve 39 is coupled to conduit 43 for employing the same and/or supplementary pool water- 
flow of water to solar panels 41 and is also coupled to conditioning apparatus and lighting apparatus can be 
conduit 44 for the flow of water to gas heater 42. The lo employed with die controller and method of the present 
return of pool water from solar panels 41 te provided by invention. 

conduit 46 that preferably joins conduit 44 in advance Control Preferences and Parameters 

of gas heater 42 so that both solar and non-solar water um ™ rTO *r««nwa* 

heating can be employed In series if desired. Prior to setting forth the details of construction and 

In order to purge air flow from solar panels 41, which 15 operation of the controller and method of the present 

air would reduce panel efficiency if trapped in the pan- invention, some; of the typical or most frequently de» 

ds. conduit 43 is coupled to a lower side 40 of the panels sired pool system operati n g preferences and parameter 
while outlet conduit 46 is coupled to an upper side 35 of can be described. 

panels 41. As water is introduced into the panels, water Heating Preference ' 

and air rise to outlet conduit 46, and the panels arc 20 *' « caon 8 i-reierence 

purged of air for m**imam heat transfer to the pool For virtually all recreational pool systems having a 

water _ solar heating capability, solar heating, when possible, 

When the flow of pool water to panels 41 is termi- will be preferred to non-solar (usually gas or electric) 

nated. for example by switching valve 39 (also referred heating. Obviously, solar heating preference will tend 

to as the "solar -valve'V tor tne flow or water 10 gas • «j . tu«iimi«r tUc of c*»c<&y for Ac pool system, 
heater 42, vacuum release 6D permits air to enter the While solar beating preference will normally be desir- 

panels, and water w31 dram down through conduit 43 able, the controller should also have the capability of 

to conduit 50. Dram-down check valve 45 permits the permitting gas heating instead of or in addition to solar 

flow of water through conduit 50 and back through ^ heating. 

filter pump 28 to the pool or spa. If pump 28 is operat- 2. Pool or Spa Preference 
ins, ti*e pool water draining from panels 41 will be 

pumped into the filter and to gas heater 42. The individual users of multiple pool systems may 

In order to control the return flow of pool water as have a preference between pool 22 and spa 21 as to 

between spa 21 and pool 22, return valve 47 is coupled 35 which body of water is heated first. This is particularly 

to conduit 48 from gas heater 42 and is farther coupled awe when solar heating is also preferred. Some users, 

to return conduit 49 for spa 21 and to re tu rn conduit 51 for example, prefer to solar heat the pool and gas heat 

for pool 22. By selection of the position of intake valve the spa, if necessary. Others may use their spa more than 

31 and return valve 47, therefore, it is possible to filter their pool and prefer spa heating to pool heating, 

and heat water m either the swimming pool or the spa. 40 Tenmerature Controlling 

Moreover., valves 31 and 4T can be operated so as to *' lemperature ^° n ^ S 

empty the spa into the swimming pool for cleaning of The operating temperature of the venous bodies of 

the spa and to refill the spa from the swimming pool. water comprising the recreational pool system can vary 

Valves 31, 39 and 47 can advantageously be provided according to the. time and purpose for which they are 

by valves constructed in accordance with U.S. Pat. No. 43 used. Spas will normally be operated at an elevated 

3,938,553. temperature as compared to swimming pools. Neither 

Hydraulic circuit 24 further preferably includes a the spa nor pool will see much use during the late night 

hydromassage circuit in which there is an intake con- hours. Moreover, a lower temperature may be eccept- 

duit 52 having an inlet opening 53. Conduit 52 is con- able if non-solar heating is required while a higher, 

nested to hydromassage or jet pump 54, and the jet so more comfortable temperature may be preferred if solar 

pump returns (he pool water through conduit 56. A heating can be used. In any event, operation of the pool 

manifold having a plurality of hydromassage heads 57 is system in accordance with pre-set temperature criteria 

connected to conduit 56, and an air intake 58 that can be may be more important than operation in accordance 

adjusted so as to vary the amount of air that is injected with pre-set time criteria. 

at the hydromassage heads is also provided. Addition- 55 4 switching of Spa and Pool Beating 
ally or alternatively, blower 30 having air intake 25 can * owncning 01 opa a*» w™>6 
be coupled, by conduit 35 to an air discharge manifold It is desirable to be able to effect switching of pool 
20 to provide water agitation in- spa 21. The construe- water heating from pool to spa, or vice versa, upon a 
tion and operation of the hydromassage circuit is con- temperatures basis, a timed basis and manually. Which 
ventional and welMcnown in the recreational pool in- 60 is preferred can vary according to pool and spa use and 
dustry. solar energy availability. Thus, if solar energy is more 
Finally, the hydraulic circuit of the pool-system of than ample to heat both the pool and spa, and spa use is 
PIG. 1 includes a conduit 59 downstream of return only at the end of the day, the user may employ temper- 
valve 47 wfnch leads to a pool sweep pump 61, a return ature switching with pool preference- If solar heating is 
conduit 62 and pool sweep apparatus 63. The pool 65 not sufficient or the spa is to be used early in the day, 
sweep apparatus & of the type conventionally available limed switching— possibly with gas heatmg—may be 
on the market and functions to discharge pool water employed- At any time manual override may be neces- 
from the flexible arms 64 as they sweep along the bot- sary to provide complete flexibility. 
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As will be sect), therefore, various combinations of 



solar and gas beating, spa or pool p re feren ce, and tem- 



3. Input Means 



pcrature or timed switching are highly desirable to The controller means of the present invention in- 

enable energy efficiency for the particular eludes a variety of input means. . Such input means in- 

ns* patterns of each individual pool system owner. S dudes a programmable timer which is capable of logic 

m n ur signal input to the controller logic, circuit and which 

Controller Means can be programmed or set by the user to input signals to 

The operation of the various electrically powered, the logic circuit during a plurality of desired time inter- 
pool-related apparatus described in the hydraulic circuit vals. Additionally, input means includes temperature 
is controlled by c o ntr oller means.' As' used herein, the . 10 setting input .apparatus for the spa and pool, and pool 
expression "controller means** shall include not only the filtration setting apparatus, 
circuitry controlling switching and g T but also the _ . . 

sensing apparatus, actuating means and input means. Lome Circuit 

The sensing a pp ar atus- and the actuating means are - As above described, the pool system, the water-con- 
both connected by electrical conductors 23 to centra] 15 dittoning apparatus and the sensing and actuating de- 
controller 26, and the co n t r oller preferably farther in- vices .arc more complex and sophisticated in nature than 
t-tndgg pmg ^tmmaH a tmri ntt**-r fnpwr m»«n» f«i n » n^T r fnr would be conventionally found in prior recrea tional 
receipt and storage of time sequence and' temperature pool systems. To the extent even portions of such equip- 
in put and further formed to produce tuning-based and ment can be found in p rio r pool systems, they have been 
temperature-based signals as a result of such input. 20 operated by "dumb*' controllers which are essentially 

clock or timing mechanisms used to switch the equip- 
ment on or off with little or no regard 'to actual pool 
As can be seen in FIG. X, a plurality of sensing appa- operating conditions or the functioning or failure to 
ratus are positioned to sense conditions in- the pool sys- function of other equipment in the system, 
tern and are formed to produce a -signal in response to 25 The improved controller means of the present inven- 
these conditions. Thus, a solar temperature sensor 66 is . tion not only is capable of control and operation of the 
positioned proximate solar panels 41. a water flow sen- relatively complex and sophisticated pool system above 
sor 67 is positioned in the hydraulic ci rcuit downstream set forth, but utilizes input and feedback from the pool 
of the solar panels to sense the flow of water from the system and the electrically powered, pool-related 
solar panels, a pool water temperature sensor 68 is posi- 30 equipment to determine the manner in which die pool 
tioned to sense water temperature in pool 22, a second equipment is operated! 

water temperature sensor 70 is p o sitio ned in spa 22 to In the improved controller means of the present in- 

sense the pool water temperature in the spa, and a water vention a logic circuit is provided and couples the sens- 
flow sensor 69 is positioned to sense the flaw of water ing apparatus, actuating means and p r o gr ammable input 
from pool sweep pump 61 back to the pool- Other sens- 35 means together for operation of the electrically pow- 
ing apparatus can be provided, for example, a flow crcd, pool related apparatus. The logic circuit is formed 
sensor (not shown) in hydromassage re t ur n conduit 56, with a plurality of logic gates which require predcter- 
and a water temperature sensor downstream of the solar mined combinations of logic states to actuate the pool 
heater (to sense the increase in water temperature dur- equipment. Thus, the logic circuit requires various com- 
ing solar heating). 40 binations of logic state which depend upon events as 
As is described hereinafter in detail, the controller sensed by the «M»««iTig apparatus or programmed by the 
means of the present invention includes a logic circuit input means before the various ' water-conditioning 
that effects control Of the various electrically powered, ■ equipment is operated or shut down. Feedback from the 
pool-related apparatus. The sensing apparatus forming a ■ pool system is thereby combined' with input from the 
portion of the controller mrwa a must be formed to pro- 45 user to produce maximum energy efficiency, to protect 
ducc a logic signal input to the logic ci rcuit or be coo- the equipment from self-destructive operation, and to 
pled to signal conversion means that will produce a maximize the flexibility with which the pool owner may 
logic signal -input. Temperature sensors 66, 68 and 70 operate the pool system. 

are coupled to "converters and comparators which con- The logic circuit of the controller means of the prcs- 

vert the temperature signals to logic signals in a manner • 50 ent invention can best be understood by reference to 
which will also be more felly described. Flow sensors FIGS. 2 through 6. The logic circuitry for the eontrol- 
67 and 69 prod uce a logic input signal and may be di- ler has been divided into four positions, primarily for 
rectly coupled to the logic circuit. case of illustration in the drawings. Thus, as is shown in 

_ rt FIG. 2, the logic circuit includes a "Temperature lnpct 

Actuating means ss p ortkniT » generally designated 80 and shown in detail in 

The controller means of the present invention further FIG. 3; a "Temperature Logic Portion," generally des- 
includes actuating means formed and coupled to the ignatcd 81 and shown in detail in FIG. 4; a "Timing 
electrically powered, pool-related apparatus for actus- Portion," generally designated 82 and shown in FIG. 5; 
tion of the same. In the case of pmnps 28,-54 and 61, and a ' 'Hydromassage Portion," generally designated 
actuating means in the form of p ow er relays 72 that are «o 83 and shown in FIG. 6. As will be seen from FIGS. 2 
coupled by drive circuits to the logic circuit of the through 6, these various portions are interconnected at 
controller axe provided. Valves 31, 39 and 47 are actu- the common connections 84, and all three portions func- 
sted by valve operators 72, 73 and. 74, respectively, tion together as an integrated unit. 

which are coupled to the logic circuit through drive In the broadest aspect, the logic circuit need not be 

circuits. Additionally, it is preferable to provide the 4s electrically based. A pneumatic logic circuit, for exam- 
solar panel 41 with a drain valve 76, which is also actu- pie, can be employed in the controller of the present 
a ted by valve operator 77 and drive circuit coupled to invention. It is preferable, however, to use an electrical 
the logic circuit. logic circuit, and the details of construction of a typical 
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logic circuit suitable for use with the controller of the . In a similar manner solar sensor 66 an spa water tern- 
present invention is hereafter described. perature sensor 70 are coupled to spa-solar comparator 
, . 101, which wfll input AND gate 139 (FIG- 4) with a 
1. Temperature Input Jogic t through conductor 79 when the solar 
As may be seen in FIG." 1* solar-temperature sensor 5 . temperature is g reater than the water temperature in the 
66 is positioned proximate solar panels' 44, and pool spa. 

water temperature sensor 68 Is positioned in conduit The recreational pool user will want to input the 

means 32 in advance of intake ' valve ' 31, while tempera- controller as to the desired operating temperatures for 
turc sensor 70' is 'positioned in spa' 21/ Both the solar both" the spa and the swimming, pool. The input means 
temperature sensor .and the water tcniperatore sensors " 10 of the controller means of the present invention, there- 
are preferably provided as current-based, solid' state, ' fore, includes apparatus for setting or inputting the 
linear temperature senscr-traiiimiitters (non-thermistor controller as to the temperature level of the water in. 
type"). The output of such temperature sensors would swimming, pool 22 and .in spa 21. This can be accom- 
not normally be a logic signal,, but all three sensors arc plished by providing the input means, in part, as temper- 
coupled to converter means to provide a logic, .state IS .ature-settiag apparatus 98, 99 and 100, which are cou- 
input to thelogic circuit. Thus, c»lrrent-tc- voltage con- pled to comparators 95, 96 and 97, respectively. Com- 
verters are p r o v i d e d so that the signal from the 1 temper- para tors 95 and 97. are further connected to common 
autre sensors will be converted to a volta ge- b as ed signal conductor 102 from temperature sensor 68 for the pool 
and can be passed to voltage-based comparators, which water te mpera ture so as to enable comparison of the . 
in turn produce digital logic outputs to the logic circuit TO water temperature in pool 22 with the pre-set tempera- 
of the present invention.--- ' tures input to the controller through setting apparatus 

Additionally /all three -temperature sensors should be 98 and 100. 
provided with calibration means,' and the calibration " As shown in FIG- 3, the comparator 95 compares the 
and converter apparatus are Scheanatieany-lllustrated in- water temperature in" the pool with the user's input or 
FIG. 3 by a single block at 86 for the solar tem pera ture 25 setting for the desired water temperature to which the 
sensor and at 87 for the pool water temperature sensor, . swimming pool should be heated with solar heating, 
and at 85 for the spa water tempetature sensor; although- Comparator 97 compares the water temperature in the 
it win. be understood that calibration and conversion are pool to a setting for the swimming pool water tempcra- 
two separate functions. It is preferable, although not turc when gas heating is employed and provides a logic 
required, that the : controller:- of the present invention -30 output to AND gate HO through conductor 90. Corn- 
include the temperature-reading means 88 which can be - parator 96 is input by spa t emp e ra ture setting device 99 
selectively switched by switch 89 so as to enable read- and spa water temperature sensor 70 (by . conductor 
ing at the. controller of the solar temperature, the- spa 105), and comparator 96 provides a logic 1 output to 
water temperature or the pool water- temperature. A • AND gate 136 (FIG. 4) through conductor 78 when the 
digital display of the. temperature- can aIso.be provided. 35 spa water is at a temperature below the input setting. 

Solar temperature sensor 66-.provides a temperature • All of the input setting devices 98, 99 and 100 set 
reading which. is a combination of ambient and radiant . ceiling* to which water will be heated. The setting at 
energy. During the day, solar sensor 66, which is posi- input device 100 will normally act as the minimum 
tioned in the sun light, reads, the availability of radiant temperature at which the user wishes to maintain the 
energy. At .night 'the solar - sens o r . senses the ambient 40 swimming pool. A typical setting might be 78° F. The 
tem pera ture to provide a freez e? ; protec t fVinction, as input device 98, by contrast, would be set at a higher 
more fully set forth hereinafter. level, namely, 8 level ait which the user would like to 

The provision of both. pool temperature sensor 68 and have the swimming pool heated if such heating can be 
spa temperature sensor.. 70 .is used to. prevent endless - accomplished through the use of the solar-heating appa- 
temperatnre cycling or switching , of valve 31, which 45 ratus. Thus, the of input device 98 might be 85* 

could o cc ur if a signal, sensor -were provided in conduit , F. The spa water temperature wfll normally be set to be 
29. much higher than that of the swimming pool water. 

In 'order for-' solar energy to be used to heat 'the pool Input devices 99, Therefore, might be set at 100* F. 

tt&^2£!^Zfi!SZSZZS2« - T^p^u^ wio, Pec, Pxcfa^cc 
simply assume that solar heat will he available "during Assuming for : the purpose of illustration that the con- 
certain times of the day. Cloud .cover and the like may '. trollcr is strapped for "pool preference** (strapping for 
interfere, or solar heat may be available longer on some pool or spa preference is described in detail below), and 
days than might be assumed for an "average'" day. Ac- . assuming further that temperature-based switching is. 
cordingiy,, the controlled of. the present invention in-, 55 occurirtg, the operation of the tem p erature sensors and 
eludes a pool-solar txmiparator 91 electrically coupled temperature input can be set forth- If the pool water 
to the output 'of solar temperature sensor 66 and pool- temperature is 70* F., comparator 97 will produce a 
water t empera t ur e sensor .68 and formed .to produce a digital logic 1 signal to AND gate 110, and comparator 
digxtal-qutput. signal to the logic circuit at conductor 92. . 95 will produce' a digital logic 1 signal at the input to 
If, forexample, tie solar temper tore. is. in excess of the 60 OR gate 104. The logic 1 signal from comparator 95 is 
water t cjup e j ature in. the pool, a logic 1 or *"true~ signal. . also input to inverter 226 (FIG. 5) through conductors 
' exists, and if.it is. less, a logic 0 or **false** exists, at the- . 103 and 187. A logic O is presented at time and tempera- 
output of comparator STL Trw logic signal from compar- . ture switching OR gate 181 (as a result of tne inv erte r 
a tor 91 is co ram umcated through conductor 92. to AND - and strapping between terminals 223 and 221), and this 
gate 93 (FIG. 4) to indicate at the AND gate that solar- 65 logic O signal appears at OR gate 1S7 and conductor 
heat is or is nor available for heating the' pool water 137, which in turn inputs a logic O (indicating "pool 
being.sensed by sensor 68. Thus; conductor 92 is labeled .. . mode**) to inverter 140 (FIG- 4). The output of inverter 
the "Pool Solar' Heat Available!* line! " ' ..- 140 is therefore a logic 1, which, together with the logic 



MS 
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.1 output from comparator 97; results in a logic 1 input to A logic 1 win only be present in conductor 131 only if 
OR gate 106- the pool system is in the spa mode, which the system 

Since both gates 104 and 106 are OR gates, the logic can be manually forced into by input through pool/spa 
1 states will be present at the inputs to the next gates in' select switch 139. In the present example, however, the 
the logic circuit, namely,! AND'gates 94 and 107. Before 5 system is in pool mode, and a logic 0 will be present in 
AND gate 94 will input OR gate 108 .with a logic 1. a conductor 131. 

logic 1 signal must also be mpot fiom OR gate 148. OR A second input to OR. gate 130 comes from AND 

gate 148 receives logic signals from both the pool-solar gate 127. which in turn receives an input through, con- 
comparator 91 and spa-«olar comparator 101. Beth of '' ductor 135 from the- temperature-time switching OR 
these inputs have AND gates (namely, AND .'gates 139 10 gate 181. Since it. has been assumed that temperature 
and 93) interposed between the comparators and OR switching is occuring, inverter 226 will cause a logic 0 
gate 148. Both of these AND gates are also input to be present at OR gate 181. indicating pool mode, and 
through conductor 137 by logic signals indicatin g that logic O signal will be input to AND gate 127 and 
whether the system is in the "pool mode** ox . "spa - accordingly OR -gate 130.'The other input to AND gate 
mode** of heating. - ' ' 15 127 will be described when considering operation of the 

In the example, the system is strapped for pool prefer- . system in spa mode. - - - 
ence and is is the pool heating mode. Accordingly, a - xhe final input to OR gate 130 comes from AND gate 
logic 0 will be present in conductor 137 (as above ex- 12O. AND gate 120 is input from gas enable input 
plained): This logic 0 will be input to AND gate 139, switch 132 and conductor 150, which is coupled to. 
which will therefore input OR gate 148 through con- TO -rumng Portion 82 of the circuit. Accordingly, if the 
ductor 115 with a logic 0. Inverter 145, however, Will .. Hmi portion of the circuit is programmed for opera- 
tnvert the logic 0 in cCTiduc^iaTand mput a logic 1 to tioQ oftne filter pump and the system is manually input- 
ANDgate^S, thusmputmgOR gate 148 with a logic 1 . by me ^ e^^itch 132, a logic 1 will be present 
and thereafter AND gate 9*. _ from AND gate 120 and input to OR gate 130 and AND 

A logic ! at both inputs » AND gate 94 mdicat«_that 25 ^ 1QJ to ^ ive ^ heate /a«uam^circmt or driver 



(in this case the p«I) and tj^here is solar heat avail- 1 ^^ e ^aS«S^eatm g of the pool water 
''S^^^X^'SSSS^^iSSL ■ will ^lacT^ever, in ordeTS conscrvTcncrgy. 

f^^^^^^y^X^^^ l0 * C ^^^ustrated. gashing of the pool will 

w Hl „,.. -i-mi* aim ;..ju7f fj.^i n Afm <»t» 10s mui will not occur even if there is a gas beat demand and no solar 

££u°^^iTfe£UffCra& * w . *», 

AND aate 109 " ■ - unless gas heat enable switch 132 is mput to permit gas 

The logic 1 output from AND gate 109 *S input to OR heating. Leaving the gas enable switch in an "on" pori- 

gate 124 and tneh to OR gate lis Srfvimc* rfthe filter *<» "™ « automatic gas heatmg ofthe pool to 

pump drive 126, and tfcefUter .pump is actuated. The the temperature set for the pool with gas beating, even 

logic ! signal from ANT>gate 109 is also input to AND 40 ** unless the filter pmp » not programmed to 

gatell9, which is also mput with a logic 1 from conduc- operate, which tt normally will be at night, as will be set 

tor 122 from the solar return sensor and start up circuit forth below • . 

for all conditions except a leaking solar panel. Thus, the Accordingly, the system is constructed to permit gas 
output from AND gate 119 to'solar Valve drive 121 heating in the pool mode, but to favor solar heating and 
causes the solar valve 39 to be switched For the flow of *5 further to require a conscience override to achieve gas 
pool water to the solar panels. heatrag m the pool mode. Moreover, if solar heating is 
The presence of solar heat demand for the poolor spa available, gas heating will be augmented by solar heat- 
plus solar heat '"avmlabiliiy will turn on pump 28 'and utg- ... . . 

switch solar valve 39 for the flow of water to solar Returning to the numerical example, as the pool 
panels 41 50 water temperature rises to 78* P., the preset pool with 
Assuming further that the solar temperature sensed gas heating level, the gas heat demand signal will ba- 
by solar sensor 66 is 83" F.. water will be withdrawn come a logic 0, and the gas heater, if enabled, will shut 
from pool 22 (explained below) <*twt the water tempera- down for failure to receive a logic 1 input from OR gate 
ture (75* F ) will be sensed and found to be below both " 106. Comparator 95, however, will still indicate that 
the pool with gas heating (assumed to be set at 78* F.) S3 there is a pool solar heat demand and produce a logic 1 
and the pool with solar heating (assumed to be 85* F.). "true" signal, since the preset pool temperature with 
Moreover, the 75* F. water nmiperature will be below solar heating was 85* P. 

the 83" F. sblar heat availability temperature. Accord- : Solar heater 41 will continue to heat the .pool water 

mgly, solar heating wffl occur, as above explained. Ad- until the pool water temperature rises to 83* F. When 

dnionally, however, gas heating ofthe pool water' may 60 the pool water temperature reaches 83*. F-, however, 

also he T»«-i g place. ..' comparator 91 will no longer produce a -true** solar- . 

Since comparator 97 is indicating that the pool tern- ' beat-available signal, and solar heating will terminate. If 

perature is below that of the pool temperature set for the solar conditions change and more solar energy is 

gas heating by input 100. and since the system is in pool available, the solar heater will again be actuated and 

mode, a logic 1 signal is input to AND gate 107. The. 65 continue to. heat the pool water until the preset water 

other mput to AND gate 107 can -come from several temperature of 85* F. is reached. Once this upper tem- 

sources. First. OR gate 130 must be input with a logic 1. perature is reached, heating of the pool wffl cease even. 

This wiU occur if a logic 1 is present in conductor 131. though solar heat is available. 
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Once pool water in pool 22 is heated to 85* F., the circuitry- that 8 manual override is necessary to cause 

logic 0 signal from comparator 95 -will be communi- gas heating of the pool water in the spa when solar heat 

eated to inverter 236 through conductors 103 and 187 is available. 

and inverted to a logic 1 signal indicating that the sys- Once the spa is heated to 100* F-, all gas and solar 

texn is now in spa mode. The logic 1 signal from inverter S heating is shut down, since there is no more heat de- 

226 is input through OR gates 181 and 157 and back mand for either the pool, now at 85* F., or the spa, now 

through conductor 137 to the Temperature Logic Por- at 100* F. 



tion of the ci r cui t, and more particularly AND gates 
139 and 136 (as weD as inverters 140 and 145, which 



b. Temperature Switching with Spa P r e fer e n ce. 



, invert io logic O signals). lO . In the previous example the system was strapped 

If the solar heat availability temperature has risen to between terminals 221 and 223 for temperature switch* 

95* F. and the spa water te mp c tatui e is currently 90* F.. teg with pool preference. In some i n s t ances users may. 

co m parator 101 wul also input .-AND- gate 139 with a - wish to heat spa 21 in preference to pool 22. This may 

logic 1. The result is a logic 1 -input to OR gate 148 and be accomplished by strapping between terminals 221 

AND gate 94 indicating spa solar heat availability, is and 222, which causes the temperature-time switching 

Since the preset spa t em p e rature is. 100* P., comp a rator OR gate 18i to receive input from conductor 224- in- 

96 indicates that ther e is a spa.heat demand in that the stead of conductor 187. • 

spa water temperature is only 90* F. A logic 1 signal is The - spa preference temperature switching results 
present at AND gate 136 from' co m pa rator 96 and fr o m from the output of comparator 96. If there is spa heat 
conductor 137 (spa mode) and such signal is accord- ■ 20 demand, a logic 1 is communicated from comparator 96 
ingry input to OR gates 104 and 106. The input to OR through conductors 78 and 236 to AND gate 237. The 
gate 104 is present at AND gate 94 indicating both spa logic 1 signal from AND gate 237 "spa mode" and is 
solar heat demand and -spa solar heat availability. The returned to the Temperature Portion of the logic circuit 
spa is, therefore, solar heated until the temperature rises through conductors 135 and 137 to solar heat pool 
to 95* F. Switching of .the. valves 31 and 47 for flow of 25 water in the spa, -as above described under the tempera- 
water to and from the spa' in response to the spa mode ture switching, pool preference section, 
signal will be described below. When the pool water in the spa is heated to the preset 

Once the pool water in spa 21 reaches 95* F., how- temperature (100* F.) .a logic 0 from comparator 96 is 
ever, further circulation of the pool water into the solar input to AND gate 237 and OR gate 181, switching the 
panels would only cool the pool water. Comparator 101 30 system to. pool mode . The logic 0 at OR gate 181 is 
will produce a logic O signal indicating there is no. more inverted at inverters 140 and 145 to activate AND gates 
solar heat available to heat pool water in- spa 21. This in 93 and 110, which control pool beating- Pool heating 
turn will input AND "gate 139, OR gate 148 and- AND then occurs as described under the tem p e r ature switch- 
gate 94. thus shutting down solar heating. ing with pool preference section. . 

As set forth above, the logic 1 signal from compara- 35 . Thus, a spa preference strapping will cause heating of 
tor 96 indicating spa. heat demand is input to logic OR the spa first and then the pool, while pool preference 
gate 106, as well as OR gate 104. When the pool water strapping causes heating of the pool first and then the 
in the spa rises to 95* F. solar heating shuts down, but spa. In either pool or spa preference gas heating will not 
spa h fft demand continues because' the preset spa tern- occur unless there is a manual override, or the system is 
perature is 100* F. Thus, the logic 1 signal OR gate 106 40 in the spa mode -and no solar heat is available. The 
is present at AND gate .107. The other input to AND exception for spa heating by gas when no solar is avail- 
gate 107 from OR gate 130 can also be a logic 1. If the able is believed to be an acceptable energy use since the 
manual pool/spa switch .is depressed,' a logic 1 will be - size of the spa and the amount of heating required will 
present at OR gate 130 -from conductor 131. be relatively small. 

Even if there is no manual input, the presence of a 45 - - -j-- , ; c 

logic 1 signal at the. tempemtur^time switching OR e. Time-based Mode Switching, 

gate 181 (FIG. 4) results hi a. logic I- input (through The logic circuit of the present invention is capable of 

conductor 135) to AND gate 127. The other input to time-based as well as the above-described temperature- 

AND gate 127 is from OR gate 200, which is input from based mode switching. In time-based operation The 

one of two sources. First, OR gate 200 is' input from SO heating in spa mode and pool mode may be determined 

inverter 149 from OR gate 148. Since the output of OR by programmable timer 178 (FIG. 5), as well as by the 

gate 148 indicates whether or- not there is spa or pool temperature of the pool water. 

solar heat available, and since in the example there is no For the purpose of illustration assume that the system 

solar heat available, the logic 0 at the output of OR gate . is strapped for pool preference. Moreover, assume that 

148 is inverted by inverter 149, and a logic 1 input to 55 at 5:00 p.m. each evening the pool owner wants to heat 

OR gate 200, AND gate 127, OR gate. 120 and AND the spa for 2 hours, regardless of whether or not the 

gate 107. This produces automatic gas heating of the spa pool is healed to 78* F. This condition may occur regu- 

when solar heat is no longer available. larly during winter months. Programmable timer 178 

The other input to OR gate 200 m spa solar prefer- will produce a logic I -signal in conductor 179 which 

ence override switch 152. This switch enables the user 60 inputs OR gate 181. The system will switch to spa mode 

to force gas heating of the spa, even though solar heat- even though the temperature switching input to OR 

ing b available. Thus,- when solar heating of the spa Is gate 181 is a logic O. 

available, the input to inverter 149 from OR gate 148 The logic 1 from timer 178 through OR gate 181 is 

will be a logic 1, which is inverted to a logic a Switch- communicated to activate AND gates 139 and 136 

ing switch 152 to an "on" position, however, win input 65 through conductors 183 and 137. Usually there will be 

OR gate 200, AND gate 127,- OR gate 130 and AND no solar heat available and a logic 0 output from OR 

gate 107 with a logic 1. causing gas heating in addition gate 148 to inverter 149 will activate the gas heater if 

to solar heating. Again it is a feature of the present logic there is spa heat demand. When the spa reaches 100" F.. 
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the logic state at the input to AND sate 136 from com- which ailows the system to operate until water is sensed 
parator 96 will change to 0, shutting down heating. to be return ins from solar panels 41. Thus, - if there is 

The system will stay in spa mode for the entire 2 solar heat demand, solar heat availability and water 
hours programmable timer 178 inputs a logic 1 to tern- returning from the solar panels, the filter pump will be 
perature-jtime switching OR gate 181. When the timed S actuated by a logic 1 signal at die output of AND gate 
operation of the spa terminates the timer win change to 109. 

a logic ° output and the input from the temperature The third input to OR gate 124 is from AND gate 

portion will also be a logic 0, and the system win switch 203. As will be seen from FIG- 4. there are two inputs 
• to pool mode. If solar heat is not available, gas heating to AND gate 203. Delay 204 produces a logic 1 output 
of the pool can be accomplished only by employing gas 10 at all times, except when the logic state input to delay 
enable switch 132. 204 changes from 1 to 01 Such a change occurs when 

The effect of spa preference strapping is to essentially there is no longer pool , or spa solar heat demand, and 
make ' time-based switching of .modes unnecessary the effect is to shut down the filter pump by producing 
through OR gate 181. The system will spa heat as soon - a logic O at AND gate 203. The purpose of the pump 
as there is spa heat demand. Accordingly, the tempera- 15 shut down is described below. 

ture switching will maintain the spa at its preset temper- Except for the limited condition of termination of 

ature at all times and programmed switching to spa by pool and spa solar heat demand, therefore, AND gate 
timer 178 will not be necessary. 203 essentially is controlled by the logic state of the 

If the user wants to insure heating of the pool during output of OR gate 201 (FIG. 5) from the Timing Por- 
predetermined hours when in spa strapped preference, 20 tion of the logic circuit. As is explained in more detail, 
without effecting switching between modes, this can be either a timing signal from programm able timer 178, or 
accomplished by programming timer 178 to produce a a manual override 'by pool/spa select switch 138 corn- 
logic 1 signal through conductor 197 to turn the pump manding spa operation can cause a logic 1 at the output 
on during certain hours, say 1:00 p.m. to 4tOO p>m. Addi- of OR gate 201, which will be communicated through 
tionally, the gas heat enable switch can be turned on, 25 conductor 202 to AND gate 203 and from there to OR 
and when the system temperature switches from spa to gate 124 and 125 to actuate the filter pump, 
pool mode timer 178 will cause a logic 1 through total- Filter pump 28, therefore, operates whenever there is: 

izcr 189 and conductor 150 to AND gate 120. This will a. solar heat demand, solar heat availability, and 

turn on the gas heater to heat pool 21 during the pro- water returning from the solar panels (solar heating 

grammed time period. The spa will also be kept at the 30 of the pool or spa); or 

preset temperature by temperature switching, but b. programmed or timed operation of the filter c 

whenever the system temperature switches to . pool from the Timing Portion of the logic circuit <fi 

mode, the pool win be gas heated until the preset pool tion only of the water and gas heating of the pool); 

t e mper a ture with gas heating is reached. or 

, xra—*- x>~~»~ 35 c * neatin g of the spa — particularly gas heati ng ; or 

2. Filter Pump Operation A frBBxiBg io Ae 8ystem ^ me logic Circui t is 

Both solar and gas heating of pool water are accom- strapped for a water circulation option. 

pushed by operating filter pump 28- In the logic circuit , _ . _ 

of the present invention heating of pool water cannot 3 - SoIar Fanci L * ak Protection 

take place without operation of the filter pump, al- 40 The controller of the present invention provides for 
though the filter pump can, and often win, operate important protection from potentially disasterous con- 
without heating, namely, when only filtration is taking turned pumping of pool water into a solar panel having 

place. a substantial leak. Minor leaking will normally not be 

The filter pump drive 126 CFIG. 4) is actuated and the very serious, but continued filter pump operation when 
filter pump driven, when a logic .1 signal exists at the 45 the water is being pumped to a solar panel having a 
output of OR gate 12S. Such an output win occur if major leak could result in the pumping of large quanti- 
there is a logic 1 pres e nt at OR gate 124 from one of ties of water out of the pool and onto the pool owner's 
AND gate 203. AND gate 109 or recirculation terminal pr o per t y . 

146. Additionally, a logic I can be input through con- Flow sensor 67 will produce a digital logic output 

ductors 155 and 159, which receive logic signals from 50 signal to OR gate 111 (FIG. 4) and from there through 
OR gate 157 CFIG. 5) and mode switching OR gate 181. conductor 112 to AND gate 109. The presence of a 
Thus, any time. the system is in spa mode, a logic 1 win ' signal from the solar return-flow sensor indicates that it 
be input to OR gate 125 and actuate filter pom p drive is safe to continue to pump water to the solar panels for 
circuit 126. When the system is in pool mode, however, solar beating. 

activation of the filter pump reouires input from OR 55 In a start-up condition, however, there, will be no 
gate 124. - flow in conduit 46 which could be sensed by flow sen- 

The three inputs to OR gate 124 which wffl turn on sor 67. Thus, the filter pump must operate for some 
pump 28 include terminal 146, which will have a logic period of time before water could be ex p e c ted to return 
1 signal if freezing of water in the system Is imminent from the solar panels through conduit 46. In order to 
and the recirculation option has been s tr a pped into the 60 enable this start-up, a 2-bit priority encoder 114 is pro- 
logic circuitry, as w2l be more folly explained hereinaf- video, and coupled .to delay means 116. which in turn is 
ter. coupled to OR gate 111. Encoder 114 is further coupled 

A logic 1 signal will be input from AND gate 109 to by conductor 170 to the logic circuit just beyond OR 
OR gate 124 when both solar heat availability and solar gate 108. Thus, any time there is either spa or pool solar 
demand are pr e sen t, as was above explained, and a logic 65 heat demand and solar heat availability, a. logic 1 state is 
1 input to AND gate 109 exists from conductor 112. communicated to priority encoder 114 through conduc- 
The input to AND gate 109 from conductor 112 is tor 170 and is communicated to the input of delay 116 
provided by Sow sensor 67 and Start-up apparatus through conductor 130. Delay 116 is formed to produce 
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a logic I signal for a 2 to.4 nimnm duration upon change 6 Pool/Spa Select Switch 

of logic state downstream of OR gate 108 from a logic *~ . , . 

0 to a logic 1 A* indicated above, Timing Portion 82 of the logic 

On the occurrence of solar heat demand for the pool circuit is not separate and distinct from Temperature 

or solar heat demand for the spa and solar heat availsbil- 5 Portion* 80 land 81, bat instead is lullymtegranrf there- 

itv a "true" loslc state at OR ante 108 immediately with and discussed separately only for the sake of ease 

SgcrTa^c l^ at dSay S?fcVl^?nS^ of understanding and ««v«nU»we .g^ Jto. 

which in tuVn^rwSsa Ipgic 1 at the input to OR gate and pool/spa select switch 138 (FIO. S) 

flow sensor the paneb » ^ ^^f^^^^cS'lS'Z 

^fS^^'s^^wL^^uce^atedl? toted wlS^troUer^while the pool/spa select 
wai .ternanate.and sensor «7 *UI not produce a logic l gwitch te located at controller 26 and further pro- 
"^°^^^f2wtf A^TJS S^Sa " t^w^a pcS%pTrenSS select switch 152 (FIG. 1) 
wil be abrt downby f ±^£ r *^&?*™? SJZLZ 15 that can be placed, for example, proximate spa 21. 
logic 1 sX^^l^h^^^c^^tc^A through As will be seen, master switch 151 is connected to the 

conductors 113 and 123 to OR gate 124. < input of AND gate 153, as is pool/spa selected switch 

4. Solar Valve' Operation ' 138- Master switch 151 is also coupled by conductor 154 

. - ■ _ vmrn ^i ll -a-^i, At *° Hydroroassage Portion 83 of the logic circuit, as 

In order for water to be pumped to solar panels «, ^ ^ discussed hereinafter. Once the master switch is 
solar valve 39 must be posmcned for fiwrf pool water ^ (a Iogic i the pool/spa select switch 138, 

in conduit 43,. instead of conduit 44; Such switching of ^ ^ rf * rnn ti* switch 152, can be used to produce a logic 
valve 39 occurs when a togle 1 state exists at solar valve j sjsrnal at AND gate 153 radicating that the system is in 
driver 121 from AND gats 119. Tins state will exist ^ ^ The logic 1 signal is latched into circuit 

when there is both solar heat demand and solar heat 25 by toggle latch 156. The toggle latch will, in effect, be 
.availability and .priority encoder 114 indicates proper operated by the pool/spa select switch as long as the 
sequencing of the heat demand and availability with master switch 151 is "on". Upon turning off of the mas- 
r e turn of water from the. solar panels.' ter switch toggle latch 1S6 is reset to a logic 0 pool 

Priority encoder 114 will produce a logic 1 or "true" mode by a latch reset signal through conductor 160. 
state to conductor 122 and the Input to AND gate 119 in 30 The function of the pool/spa select switch in overrid- 
advahce of the solar valve' driver 121 in accordance ing programmed and temperature switched functions is 
with' the following truth tables to enable gas heating of spa 21. Latching of a logic 1 

into the circuit by switch 138 signals "spa mode" to 
- AND gate 139, inverter 140, inverter 145, AND gate 
35 136, and gas heating OR gate .130. 

Latching of the pool spa select switch, in a logic 1 spa 
mode, therefore, activates the spa water temperature 
control gates and the gas heating gate and deactivates 
the pool temperature control gates. Conversely,' if the 
40 pool/spa select switch is pressed again or the master 
switch turned off, the system will be controlled by 
tem per ature or time-based switching. This -usually re- 
Subscrrpts incficatc.me order of the event's occu^ J^JS ^tS^r^^^ * 

ranee. The logic state at the output of AND gate 109 is P 001 Preference strapped into the system, 
communicated to AND gate 119 in advance of drive. 7. Switching of The Pool and Spa Valves 

circuit 121 through conductor 113: Thus, .upon the spft ffll/drain/auio selection device 164 (FIG. 5} 
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...... - is eonpled to intake valve drive or actuation means 166 

by the return of water from the solar panefa(or a start- ^ £ luin valve ^ or actuation means 167- The 
up signal from, delay 116), the priority encoder will x vaJve Section device 164 is a manual or automatic 
produce a logic 1 signal to solar drive circuit 121, caus- m t devioc can be employed by the user to not 
ing switching of solar valve 39 by means of the valve only circulate water to and from the spa or pool, but 
operator 73 to a position which will produce pumping ^ ^ mi or arain the spa. In the normal automatic 
of the pool water in conduit 43 to the SOlar panels. As selection mode, a logic 1 signal at the input to switch 
the water passes through the panels; it will be sensed by 55 apparatus 164, inHirertng that the "spa mode" has been 
sensor 67 and maintain the process and- valve 39 selected, will cause actuating means 166 to drive the 
switched for the pumping of water to the solar panels. intake valve o p er at o r 72 in a manner switching the 

valve 31 for withdrawal of water from spa 21. Addition- 



•5. Solar; Indicator. Light 



ally.' actuation means 167 will cause the valve operator 



The controller of 'the present" invention -'can further' 60 74 to switch valve 47 for return of water to (he spa 
optionally be provided' with a light" at the' controller through conduit 49. When a logic O signal is communi- 
indicating that the system is operating in a solar heating cated to the spa fill/drain/auto select device 164. selec- 
mode. Thus, a conductor 128 connected to a solar indi- tion device 164 will automatically switch the intake and 
cater light actuating' means Or drive circuit 129 can return valves for circulation of water to and from pool 
optionally be' provided. This w3L visually indicate at the 65 22. 

controller that the 'system is operating in the solar mode Since the valve selection device is connected by con- 

whenever' solar heat demand and solar heat availability doctors 163 and. 159; to OR gate 157, which in turn is 
are present. '■''•••.'-. input by the temperature and time switching OR gate 
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181 and latch 156, time-based or temperature-based or is operating- Operation of filter pump 28 during the pool 
manual switching of the mode from spa to pool or pool mode will force water past pool sweep or cleaner pump 
to spa will be accompanied by corresponding valve 61, even though it is not pumping (as well as return 
switching water to the pool through conduit 51). Thus, flow sen- 

The filling and draining of spa 21 is accomplished by 5 sor 69 for the pool cleaner will "see" pool water before 
manually inputting device 164. Such manual input will pump 61 is started arid input AND gate 208 with a logic 
enable the user to switch valve 31 for withdrawal of 1. ,. . .. 

water from spa 21 and maintain valve 47 for return of The mput to AND gate 208 from totalizer 189 mdi- 

water to pool 23. This will effect draining of the spa, cates that the programmable timer 178 has programmed 
while a reversing of the two valves can be used to fill 10 timed operation of the filter pump. The independent 
toe spa from the pool. input to AND gate 208 directly from timer 178 enables 

. . the pool cleaner to be operated for a time interval less 

8-, Pool Cleaner Operation than the entire time which the filter pump operates. 

The logic signals indicating the mode of Operation of • Conversely, however, the pool cleaner will not be opcr- 
the system also control operation of the pool cl eane r. 15 ated unless the filler pump is also operating. 
Thus a temperature4*ased, time-based or manual spa= 1 The last function of. the programmable timer is to 

signal from OR gate 1ST is communicated through can- operate the filter pump for filtration. The filter pump 
ductors 137 and 159 to inverter 168 (FIG- 4). Tins logic : will be turned on without regard to the timer for solar 
1 is inverted to a logic O input to AND gate- 171. Ac- heating or gas heating of the spa. In addition, however, 
cordingly, the pool eleaneV pump drive actuating means TO the user will' want- to control the duration and timing of 
or circuit 172 will be~slmt down or interrupted while the pool filtration. Gas heating of the pool will not occur 
pool system -is in the spa mode.- Conversely, however, unless gas enable switch 132 is pushed and a pro- 
when the pool system is in the* pool mode, the logic 0 granuned filtration of pool , water exists. Thus, pool 
input to inverter 168 win be inverted to a logic I; en- water filtration also controls when gas beating of the 
abling pool cleaner 'operation if - the other inputs to 25 pool can take place. . 

AND gate 171 are "true"' logic inputs. The other inputs The 60 Hertz source 188 constantly inputs AND gate 

to AND gate 171 are described in more detail below In 193, but that signal is only permitted to pass to counter 
connection with timing functions, bat briefly' consist of 192 when a logic .1 is received from OR gate 194. The 
a delay 216, which interrupts pool cleaner operation at OR gate 194 will -be input with a logic 1 signal through 
the start of solar heating, and input from; conductor 213 30 conductor 118 any time filter pump 28 is operated by a 
for timed pool fUtranon, particularly at sight. logic I input from OR gate 124. Thus, when solar heat- 

_ ' _____ • " ing in pool mode automatically occurs through temper- 

. 9. Programmable Timer. • ature switching, a logic 1 switching will be input to OR 

Programmable timer 178 is formed to. output logic gate 194. Conductor 118 is connected in advance of OR 
signals which indicate the heating "mode in which the 35 gate 125, and accordingly, operation of the spa will not 
system is operating and the duration of heating. Thus, produce a logic 1 to the input of OR gate 194. While the 
timer 178 can time switch ' the system between pool'" spa water is being filtered, the volume of spa water is so 
heating and spa heating, and it can be used to program small as to make totalizing of the spa water filtration 
the time of- day during which heating will take place.' . time deceptive, as compared to nitration of the water in 

A 60-Hertz source 188 provides' tin base, for pro- 40 pool 22. 
grammable timer, 178, and the timer can be set by the Thus, during automatic pool solar heating the 60 

user to turn filter pump 28 and pool 'cleaner 'pump 61 Hertz source is passed through AND gate 193 to 
"on" and "off*? at four separate times in e v er y* 24-hour - counter 192, and the counter begins —minting the time 
period. Program mable timers capable of multiple set- ' of filtration of the pool. The user will have preset a total 
tings and .the prodnction of. logic «*— «la during preset 45 pool filtration time which is required to main tain a clean 
time intervals are well known in the industry and will pool through input device 191. Totalizer compares the 
not be described in detail. preset input with the. counter -and produces' a logic 1- 

Programmable timer 178 produces logic' signals to signal fr o m totalizer 189 through conductor 199 to 
OR gate 181- through 'conductor 179 to indicate 'the ' AND gate 208, OR gate 158 and OR gate 201' for all 
mode of operation or heating of the poo], system. In SO times during which the counter is counting and is less 
most instances the timttt mode signals are- used to start than the preset total filter time. 

and continue heatingfof the spa, when the'system would Totalizer 189 will compare counter 192 against the 

otherwise be in a pool mode. A logic 1 is produced by filter time setting at. input 191 only when the totalizer is 
the timer and input to OR gate 181 at time intervals enabled. The totalizer will.be enabled when there is a 
selected by the user so as to control spa operation. ' 55 logic 1 returned through conductor 118 from the filter 
Programmable timer 178 also produces a logic 1 state pump actuation circuit through conductor 251 -to. OR 
to the input of AND'gate 208, through conductor 209. gate 252,' or when there is a logic I input to OR gate 252 
This input is independent of the programmed spa opera- through con ductors 197 and 239 from timer 178. OR 
tion, but as above 'noted -in connection with the pool gate 252 fax turn inputs, totalizer 189 .through conductor 
cleaner description, a spa mode signal will interrupt 60 253 with logic signals, and a logic 1 will enable opera- 
pool cleaner operation. This is required since return tion of the totalizer. 

valve 47 is always switched to return water tp tile spa. Thus, when the filter pump Is operated by tempera- 

and pool cleaner pump SI does not have any returning ' ture switching and the system is m pool mode, the total- 
pool water to pump when the system is in spa mode. izer is enabled by input from OR gate 124 through 
The other inputs to AND gate 208 required to oper- 65 return conductor 118. Similarly.' when there is a pro- 
ate the pool cleaner- are a logic 1 signal from pool grunmed or timed filler pump operation in pool mode, 
cleaner flow sensor 69, through 'conductor "212, and a the totalizer is enabled. When the totalizer is not en- 
logic 1 from totalizer 189. indicating that filter" pump 28 abled, a logic 0 or "false" output from the totalizer 
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invention and includes two strapping options which 
allow the system to be tailored to the user's needs. 

First, freeze protection comparator 141 CFIG. 3) can 
be strapped from terminal 241 to one of terminals 242 
and 243. When snapped to terminal 242, the compara- 
tor compares a preset input, such as 33* F., in input 
device 142 with solar temperature sensor 66. This 
causes the comparator to. produce a logic I output when 
5. normally the ambient temperature sensed proximate the solar 
tocomnlete 1° panels is approaching freezing. 

r ^jooTsoSr If the circuit is strapped from terminal 141 to 243, the 



•en though, the counter level is below the 
preset total filter time. 

The other input to OR. gate 194 and accordingly 
AND gate 193 is directly from timer 178 through con- 
ductor 197. This permits the user to program operation 
of the pump for filtration at times other than solar heat- 
ing of the pool. Fool filtration can advantageously 
occur at night, since filter pump 28 can then be operated 
at off-peak hours with attendant cost savings. Normally, 
pool filtration will require much more time to complete 

than will operation of the fflter «m» to pool soku- ^temperature is compared against the temperature 
heating. Accordingly, at ***** A^L ^ 2w measured by pool sensor fi^This comparison will cause 
pump may have been operated for 4 hours for solar OTtpnt 0 f a wi c i signal when water in the plumb- 

heating of the pool, but 8 hours can be required for 15 £J ^^^^ freezing 

filtration. Timer 178 can be set to prexiuce a logic : I Waeoond strapping option relating to freeze pro- 

signal to OR gate 194 through conductor 197 during the Tection at terminals 143, 144 and 146 (FIO. 4). If 

off-peak hours of 10;00 p.m. » &flO a_m- If pool Gltra- oas otihe temperature sensors drops below the freeze 
tion during bearing has occurred for four hours, counter protection input, a "true" or logic 1 signal win be gener- 
192 win show a four hour total. Timer 178 will again m ated from comparator 141 to terminal 143. The terminal 
start filtration at.30Kttp.rn. and. continue until 2i00 a.m.,. 143 can be selectively strapped to cither a drain terminal 
at which time c ou nter 192 arid input 191 will reach the. OT a recirculation terminal 146. 

same level. Totalizer 178 will then, output a logic 0, The decision as to strapping between terminal 143 ' 

shutting down the filter group. and the drain -and recirculation terminals will depend 

The logic output of. the tot alizer to OR gate 201 is 2 s upon the configuration and suitability of each approach 
communicated to AND gate 203, -which always re- . to the specific pool system which is being controlled. In 
caved a logic 1 from delay 204, except for 10 minutes some instances drainage of the solar panels is not a 
when solar heating is terminated. Accordingly, a logic 1 practical option. If drainage can be accomplished, a 
from the totalizer will actuate pump drive 126 while a strap between terminals 143 and 144 will cause a logic 
logic 0 will terminate pump operation. 30 signal from comparator 141 to be present at actuating 

„ means or a drain valve drain circuit 147 so as to open 

10. Hydromassage Portion drain valve 76- Thus, the drain valve operator 77 of 

The hydromassage portion 83 of the logic circuit of FIG. 1 will be actuated by drive circuit 147, and valve 
the controller of the present, invention includes a jet 
control switch 221 coupled to AND gate 222 and a 3$ 
blower control switch 223 coupled to AND gate 224. 
Both AND gates in turn- are connected by conductor 
154 to master switch 151* so that when the master 
switch is "on", the AND gates will receive a logic 1 



76 wfll be opened to drain solar panels 41 end avoid 



in t . 

If freeze protection is to be accomplished by recircu- 
lation, a strap between terminals 143 and 146 will be 
employed, and a logic 1 signal from comparator 141 
will be communicated to OR gates 108 and 124, ~ 



itch and the fet and blow 40 switch the solar valve for flow of water in conduit 43 
. .-' . . . . > to „:n — j 



and to turn on filter pump 28. Water sill then be circu- 
lated in the solar' panels to- avoid freezing and destruc- 
tion of the panels. 

. b- .Solar Panel Superheating Protection 
Another important feature of the present invention is 
that the logic circuit is formed to cause drain-down of 
the solar panels upon termination of all solar heating. 
Solar panel drain-down prevents superheating of stag- 



control switches can be pushed to input logic 1 signals 
to the AND gates and toggles 226 and 227. The toggle 
latches are coupled to input jet ptmrp actuating means 
or drive circuit .228 and blower actuating means or 
drive circuit 229- Thus, the drive circu it 228 actuates 45 
power relay 71 to drive jet pump 54 and further actuates 
a power relay 71 for air blower 30. • 

Both the jet control and blower control switches are 

operating conditions « the spa. Neither of these scalme and deterioration, 

switches, however, can be used to actuate the hydro- 
massage equipment -unless the master switch is "on". It 
is possible, therefore, to provide the master switch at 
controller 26 in a secure location so that the hydromas- 
sage until will only be used while supervised by the pool 
owner. Thus, children cannot operate the hydromas- 
sage equipment unless the master switch is also "on". 
Toggle reset is accomplished by_ inputting toggle latch 
226 and 227 through conductor 235 from master switch 
151 when the master switch is turned **ofF\ 

1 1. Additional -Features 
a. Freeze Protection 
It is essential that pool water m solar panels 41 not be 
allowed to freeze in the panels or phimbing. Freeze 
protection is provided in the logic circuit of the present 



panel s _ 

. Draining of solar panels 41 is accomplished by pro- 
viding delay means 204 that is coupled to the output of 
OR gate 104 (FIO- 4). OR gate 104 is input by both 

55 comparator 95 and comparator 96. Comparator 95 will 
produce a logic 1 signal until the pool water is heated 
above the pool temperature for solar heating, while 
comparator 96 will similarly produce a logic 1 signal 
until the preset spa temperature is reached. 

60 Delay 204 is formed to input a logic 1 signal to AND 
gate 203 for all conditions of operation except when the 
input to the delay changes from 1 to 0. Accordingly, 
upon the last to occur of pool or spa solar heating both 
comparators 95 and 96 will input gate 104 with a logic 

65 0 and delay wOl change -from a logic 1 to input AND 
gate 203- with a logic O for 10 minutes. 

When the solar heat demand for both the spa and 
pool terminates, the logic 1 input from AND gate 109 to 



as I 
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OR gate 12* also terminates. Thus, AND gate 203 will 
no longer input OR gate 124, nor will AND sate 109, 
and the filter pump drive circuit will shut down filter 
pump operation. 

Upon shut down of pump operation water will drain 
back out of panels 41 through conduit 43, check, valve 
45 and conduit 50. The water win then gravitate back 
through pump 28 to the pool or spa. This avoids stagna- 
tion and superheating of the pool water in the solar ■ 



24 



minutes which will keep the filter pump on until heat in 
the gas heater is dissipated. 
What is claimed is: . 

1. Controller means for a pool .system, said pool sys- 
tem including a pool; pool related conditioning appara- 
tus including pump means and actuating means coupled . 
to drive said pump means; solar water heating apparatus 
and non-solar water beating apparatus; and hydraulic 
circuit means including valve means formed for the 



panels. 10 flow of pool water to and. from said pool, said pump 

_ _ means and said solar water heating and said non-solar 

Air Purge From Solar Panels water heating apparatus; said controller means includ- 

When solar heating is commenced, the solar panels ing a plurality of sensing apparatus formed and posi- 
will have air in them. As water is pump ed to panels 41. - tioned to sense conditions in said pool system and 
the air is driven out conduit 46 toward the pool or spa, IS formed to produce a signal in response to said condi- 
If the system is m the pool mode, the pool cleaner w shut dons, actuating means formed and coupled to said solar 
down or interrupted to permit purging of the air. The sater heating and said non-solar water heating apparatus 
logic state at AND gate 109 is communicated through for actuation of the same, and programmable input 
conductors 113 and 214 to delay means 216 (FIO. 3} and means formed for receipt and storage of input and 
AND gate 171- As the logic state changes from O (no 20 formed to produce a signal based upon said input, and 
solar demand) to 1 (solar demand) delay 216 produces a said, controller means further being formed with logic 
"false" or 0 signal which interrupts the operation of the circuit means having logic gates and coupled to said 
pool cleaner for a ten-minute period. This interruption sensing apparatus, said actuating means and said pro- 
of the operation of the pool cleaner enables air in the granunable input means for control of the operating 
solar pa«»*»if to be purged from the system through the 25 parameters of . said pool system, wherein the improve- 



pool sweep pump. Except in the solar start-up condi- 
tion, a logic 1 state is produced by delay 216 at AND 
gate 171, and operation of the pool cleaner pump is 
dependent upon the logic state Of the input at conduc- 
tors 169 and 213 to. AND gate 171. 30 
d. Isolation of Switching from Power Circuits . 
Another important feature of the controller of the 
present invention is that the timing and switching func- 
tions of the controller means are not directly interposed 35 
in the power circuits. Thus, the driver circuits Far the 
various pool water-conditioning apparatus are in a sepa- 
rate lower-voltage (for example, 24 volt) control circuit 
that interfaces with the high-voltage power required to 
switch valves and pump water. As will be seen, the 40 
pumps are provided with a high-voltage 220-volt source 
230, while each of the valve operators is provided with 
its own 1 1 5 -volt sources 231. Drive circuits or actuating 
means 121, 126, 129, 134, 147, 166, 167 and 172 are all in 
the low voltage logic circuit and interface the logic 45 
circuit with the p o wa circuits. 



hearing. Most of the plumbing in pool systems today 
will be provided by plastic pipes. If filter pump opera- 
tion terminated upon termination of the operation of the 
gas heater, the water in the heater and adjacent pipes 
would continue for some period of time to be heated by 55 
heater overrun. Accordingly, continued operation of 
the filter after termination of the gas heater will dissi- 
pate heat build-up in the heater and adjacent plumbing. 

Gas heating win occur automatically only when spa 
heating occurs or manually when pool beating during 60 
timed filtration and the gas enable is p u s hed . Accord- 
ingly. OR gate 158 (FIG* 5) will change from a logic 1 
to a logic 0 and trigger delay 207 only when the system 
changes from spa to pool mode, as input from OR. gate 
1S7, or when totalizer 189 terminates filtration (either 65 
programmed heating or filtration). When spa heating 
terminates or programmed filtration with pool gas en- 
able terminates, delay 207 wul output a logic 1 for 10 



t in said controller s 
id sensing apparatus 
(i) water temperature sensing means farmed and 
positioned to sense pool water temperature, and 
(U) solar temperature sensing means formed and 
positioned to sense a radiant temperature proxi- 
mate said solar water heating apparatus; and 
said logic circuit includes comparator means and 
temperature level setting means, connected to said 
- comparator means, said comparator means being 
.formed to compare said pool water temperature 
- sensed by said water temperature sensing means 
with said radiant temperature and with at least one 



setting means and to input said logic circuit with 
logic true and logic false signals for controlled 
actuation of said solar water heating apparatus and 
said non-solar water .heating apparatus and said 
non- solar water heating apparatus in accordance 
with a predete rm i ne d logic sequence. 

2- The controller means as defined in claim 1 wherein. 

said logic gates arc formed e 



logic signals to actuating means for sai 
means and said valve means to produce: 
0) flow of pool water to said solar water heating 
apparatus when said pool water tempera ture is 
below .both said radiant ' temperature and said 
preset temperature, and 
(ii) flow of pool water to said non-solar water heat- 
ing apparatus when said pool water temperature 
is below said preset temperature and above said 
re. 

s as defined in claim 1 wherein, 
setting means includes first 
s formed for presetting of a first temperature 
corresponding to a desired pool water temperature 
when solar heat is available, and second means 
formed for presetting of a second temperature cor- 
responding to a desired pool water temperature 
when solar heat is hot available; 
said comparator means is formed to compare said 
pool water t emp e ra ture and said radiant tempera- 
ture and to produce a logic true signal indicating 
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solar heat is available when said radiant tempera- 
tore is greater than said pool water temperature 
and a logic false signal when it is below; 

b is further formed to compare 
said pool water tempera ture with both said first 



produce a logic true signal indicating heat demand 
when said pool water temperature is below either 
said first temperature or said second temperature 
and a logic false signal ^hen it is below; and 10 

said logic gates are formed and connected to present 
logic tree and false signals, at said actuating means 
for said pump means and said valve means and said 
non-solar Beating apparatus depending upon the 
combination of heat demand and solar heat avail- 15 
able logic signals. 

4. The controller means as defined in chum -3 wherein, 

said pool system includes a swimming pool and a spa; 

said programmable input means includes means for 
producing a spa mode logic signal and a pool mode 
logic signal, • 

said hydraulic circuit -means and said "valve means are 
formed for selective flow of pool water to and 
from: said swimming pool, said, spa, said solar ^ 
water heating apparatus, and said non-solar water 



e. a spa heat demand comparator connected to 
compare pool water temperature in said spa with 
said third temperature 
<5. The controller means as defined in claim 1 wherein, 
said solar water heating" apparatus includes a drain 
valve formed and positioned for draining of pool 



said temperature level- setting means includes third 
means formed for presetting of a third temperature 
coiieapu nding to a desired pool water t em pe ra ture ^ 
in said spa when said spa is to be used; 

said sensing apparatus further include? water temper- 
ature sensing means formed and positioned to- sense 
the temperature of pool -water in said spa;. 

said comparator means is formed to compa re said M 
pool water temperature in said spa with said third 
temperature and to produce a logic true : signal 
indicating spa heat demand when said pool water 
temperature in said spa is below said third tempera- 
ture and a logic false signal when it -is above; 40 

said comparator means Is further formed to compare' . 
said radiant temperature with said pool water tem- 
perature In .said spa and to produce a logic true 
signal indicating solar heat availability when said 
radiant temperature is above said pool water tern- 45 
peraturc ha said spa and a logic .false signal when it 
is below; and 

said logic gates are formed to present logic signals to 
actuating means for said valve means and said 
pump means to provide flow of pool water to a so- 
selected one of said pool and said spa and a selected 
one of said solar and said non-solar heating appara- 
tus. ' • . 

5. The controller means as denned in claim * wherein, 

said comparator means- is provided by five compara- 55 
tors, namely: 

a. a pool solar comparator connected to compare 
pool temperature in said pool with radiant tem- 
perature; 

b. a spa solar comparator conn ected to. compare «0 
pool water temperature in said spa with radiant 



c. a pool solar heat demand comparator connected 
to compare pool water temperature in said pool 
with -said first temperature; < 

d. a pool lion-solar heat demand comparator con- 
nected' to compare pool water, temperature in 
said pool witii said second temperature; and 



said programmable input means includes temperature 
level setting means formed for presetting a freeze 
protect t emp er a ture proximate and above the tem- 
perature at which pool water will freeze; 

freeze protect ; comparator- means coupled to said 
logic circuit and to said te mper ature sensing means 
and said temperature level setting means, said 
freeze protect comparator means being formed to 
compare at least one, temperature sensed by said 
temperature sensing means with said preset freeze 

■ protect temperature and formed to input said logic 
circuit with a logic true signal when a temperature 
sensed is' below said preset temperature and a logic 
false signal when all sensed, temperatures are above 
said preset temperature; and 

said logic circuit is formed upon receipt of a logic 
true input from said comparator to cause said actu- 
ating means to actuate at least one of: 

" : (i) said pump means to cause circulation of pool 

■ water in- said -hydraulic circuit means, and 
: (ii) said drain valve' to cause draining of said solar 
water heating apparatus. 

7. The. controller means as defined in claim 6, and 

selection means interposed between said freeze pro- 
tect comparator means and said logic circuit and 
formed for selected input of logic signals to differ- 
ent portions of said logic circuit to cause a selected 
one .of draining of said solar water heating appara- 

- tus and circulation of pool water in said hydraulic 
circuit means to occur* 

8: The controller means as defined in claim 6 wherein, 

-said sensing apparatus includes temperature sensing 
-means formed and positioned to sense both said 
ambient temperature and said pool water tempera- 
ture; and 

selection means ' -interposed between said sensing 
means and said freeze protect comparator means 
and formed for input of said freeze protect compar- 
ator means with a -selected one of said ambient 
temperature and said pool water temperature. 

9. The controller means as defined in claim 8, and 
selection means interposed between said freeze pro- 
tect comparator means and said logic circuit and 
formed for selected input of logic signals to differ- 
ent portions, of said logic circuit to cause a selected 
one. of draining of said solar water heating appara- 
tus and circulation of pool water in said hydraulic 
circuit means to occur. 

10. The controller means 1 



said sensing apparatus includes pool water presence 
' sensing apparatus positioned in said hydraulic cir- 

.' cult means at a location enabling sensing of the 
return of pool water from said solar water heating 
apparatus to said pool and formed to produce a 
logic true signal when water is returning from said 
solar water heating apparatus and a logic false 
signal where no significant amount of water is 
returning; and ' 

said logic circuit is coupled to said pool water pres- 
ence sensing apparatus and is coupled to actuating 
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means for said valve means, said logic circuit far- said logic signals from said programmable input 

ther being formed to cause actuation of said actuat- means cause time based switching of said valve 

ing means in a manner terminating flow of pool means. 

water to said solar water heating apparatus upon . 19- The controller means as defined in claim 18 

receipt of a logic false signal from said pool water S wherein, 

presence sensing apparatus. said programmable input means includes a program- 

XI. The controller mmnw as defined in claim 10 unable timer, formed- to produce time based logic 

wherein, ■ signals and connected to said portion of said Jogic 

said logic ci r c u it further includes a timed start-up circuit; and 

circuit means interposed between said pool , water 10 «aid sensing apparatus and said programmable timer 

presence sensing apparatus and said actuation ans coupled to said portion of said logic circuit 

means for said valve means, timed start-up through an OR gate means for switching of said 

ci rcuit means being formed to produce a logic true valve means. 

signal to said logic circuit for a predetermined " » . The controller means as defined in. claim 1 

period of time during after actuation of said valve 15 wherein, 

means for flow of pool water to said solar water conditioning apparatus includes a pool cleaner; 

heating: apparatus. 881(1 hydraulic circuit is coupled to said pool cleaner; 

12. The controller means as defined in claim 11 said sensing apparatus includes water presence sens- 

wherein M ***** apparatus positioned in said hydraulic circuit 

said timed start-up circuit means is provided -by delay 20 downstream of said pool cleaner; and 

means and a priority encoder means. I°S»? «* *ormed to enable pool cleaner 

13 The controller means as defined m claim 1 operation when, said water presence sensing appa- 

wherem, ™ tus «»»» the presence of pool water. 

said pool system further includes a spa; and 25 ^The controller means as defined m claim 20 

said logic circuit includes preference selection means wherein, . 

formed to enable input of logic signals to said logic s«d pool system includes a pool and a spa; • 

circuit as to preferential hearing of pool water in a .«*"* ***** » formed for setected flow of 

selected one of *«"ri pool and said spa, said logic pumped pool water to aid pool and said spa; 

circuit being further formed and coupled to said 30 **** f°°} cleaner » JPf^f 1 ™ said P 00 ^ , 

water te mp e r ature sensing means and said solar *** lo »? circ ™ t » Rented to interrupt pool cleaner 

temperature sensing means for heating of pool wa- operation when sajd valve means is directing pool 

tcring one of said pool and said spa depending upon _water to said spa. 
the availability of solar beat and the preference 



22. The controller means as defined in claim 20 



logic signal from said prefer 



; wherein, 



14. The controller means as defined in chum. 13, said logic circuit includes dek^ means fo™«fJ° 

wherein. interrupt pool cleaner operation for a predeter- 

said logic circuit is formed for actuation of said solar meda^ay^meupoastait-jxpaftdlaT^xerh^t. 



ZTJ^^^^SZ^S^^ * — H ~ — - ***** - 1 

tion of said non-solar water heating apparatus «,„',! 13. 

when solar heat is not . available.. 



IS. 



said pool system includes a pool and a spa; 
said poo] related conditioning apparatus further in- 



sotiA nrn u i u!lim aK1p hmnt m wuw melmiet noiusolar ^ filter pump and filter, 



said programmable input means includes non-solar 
water heating override means formed to selectively 
enable said, non-solar water heating apparatus to be 
actuated and operated in addition to said solar 




(ii) a pool cleaner- pump and pool cleaner mounted 
in said pool, and 

(iii) hydromassage means mounted in said spa; 
said hydraulic circuit means includes: 

(i) conduit means coupled to said filter pump and to 
said pool and said spa for the withdrawal of pool 



• (ii) intake valve means mounted in said conduit 

J operaole pool override means for m«n» intermediate said filter pump and said 

J of said pool and independently operable 35 pool and said spa and form e d for selective with- 

spa override means for heating of said spa. drawalof pool water from said pool and said spa, 

17- The controller means as defined in chum 1, (Hi) conduit means coupled to said filter pump and 

wherein. . SV&d fStec £01- the flow of pool water to s»id filter, 
said logic circuit is formed to cause actuation or said . (iv) conduit means coupled to said filter and said solar 

solar water heating apparatus in preference to said eo water heating apparatus and said non-solar water 

non-solar water heating apparatus and automatic heating apparatus, 



(v) solar valve means mounted in said conduit 

when solar beat is not available: means intermediate said filter and said solar and 

18. The controller means as defined in claim 1 non-solar water heating apparatus and formed 

wherein, 65 • for selective flow of pool water to said solar and 

said logic signals from said sensing apparatus, cause said non-solar water heating apparatus. 

temperature based switching of said valve means; (vi> conduit means con n ected to a downstream side 

and of said solar water heating apparatus and an 
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upstream side' 6f said non-solar water -heating sponse to said sensing apparatus, said method compns- 

apparatus, ing the steps of: 

(vii) conduit means connected to a downstream sensing the temperature of pool water and the radiant 
side of said' non-solar water heating apparatus temperature proximate said solar water heating 
and connected to said pool and said spa for re- 5 apparatus; 

turn of pool water' thereto, •. comparing the sensed temperatures to at least one 

(viii) return' valve mounted in said conduit preset temperature; and 

means "intermediate said non-solar water, heating actuating one of said solar heating apparatus and said 

apparatus and said pool and said spa and formed "non-solar heating apparatus in accordance with a 

for selective floW 6f pool water to said pool and 10 predetermined logic sequence. 

said spa, and 25. Controller means for a pool system, said pool 

<ut) said pool cleaner pump being coupled to said system including a pool and a spa; pool related condi- 

conduit mean? between said return valve means tioning apparatus including heating apparatus; and hy- 

- and said pool; . - draulic circuit means for the flow of pool water to and 
said -sensing apparatus including: ' - "»■' ' ' —'15 from said pool, spa and said conditioning apparatus; said 
(i) pool - water ttmipernire sensing apparatus - posi- controller means including, a -plurality .of sensing appa- 

-■ tioned in said .'conduit means wtermediatc said ratus formed and positioned to sense conditions in said 

pool awT said intake valve meausi pool system and formed to produce a «gm»1 m response 
00 pool water temperature sensing apparatus posi- to said conditions, actuating means formed and coupled 

tioned to sense the temperature of .the pool water 20. to said conditioning apparatus for actuation of same, 

in said, spa, , and programmable input means formed for receipt and 

(iii) radiant heat sensing apparatus positioned prox- storage of input and . formed to produce signal based 
imate said solar water heating apparatus,' ■ upon said input, and said controller means further being 

(iv) water presence sensing apparatus" positioned in formed with circuit means coupled to said sensing appa- 
said conduit means intcrmediaze said solar and 25 ratus, said actuating means and said programmable 
said non-solar water heating apparatus, and input means for control of the operating parameters of 

fv} water presence sensing apparatus positioned in said pool system, wherein the improvement in said con- 
said conduit means intermediate ■ said pool troUer means comprises: 

cleaner pump and said pool; ' said circuit .means is provided as a logic circuit 

said actuating means includes: 30 formed with a plurality of logic gates formed to 

O an intake valve driver circuit and intake valve input logic true and logic false signals from said 

.operator; ' ' ' sensing apparatus and from said programmable 

00 a filter pump driver circuit, input means to said actuating means only in accor- 

0u) a solar valve driver"circuh:anoTsblia^ solar valve dance with a predetermined logic sequence, said 

operator, 35 logic circuit being formed to feed back a logic 

(jv) a non-solar water, heating apparatus drive err- signal indicating the mode or pool system opera- 

cuit. lion to a heating portion of said logic circuit, said 

(v) a return valve drive circuit and return valve heating portion of said logic circuit being formed 
drive operator, with a first set of logic gates which are activated 

(vi> a pool cleaner pump drive circuit, and 40 when a logic true signal is fed back to said heating 

. (vii) a hydromassage means drive circuit; and portion and a second set of logic gates which arc 

said programmable input means includes: activated when a logic false signal is fed back to 

<i> te mp e ra ture setting means for inputting a de- said beating portion, said first set of logic gates 

sired pool water- temperature: controlling heating of one of said pool and said spa 

(a) in said pool with solar heating, 45 and said second set of logic gates controlling heat- 

(b) in said pool with non-solar heating, ing of a remainder of. said pool and said spa. 

(c) in said spa, and ' 26. Controller means for a pool system, said pool 

(d) in one of said conduit means and said solar system including a pool; a pool water filter; pump 
water heating apparatus proximate and above means; and hydraulic circuit means including valve 
the freezing t e mper ature of said pool water, 50- means for the flow of pool water to and from said pool, 

00 programmable timer means formed for timed spa and said filter; said controller means including a 
opera tion of said filter pump and said poo! plurality of sensing apparatus formed and positioned to 
cleaner pump and formed for timed operation of sense conditions in said pool system and fo rm e d to pro- 
said intake valve and said return valve; and duce a signal in response to said conditions, actuating 
(iii) filtration Hm«» setting means. 55 means formed and coupled to said pump means and said 
24. A method for controlling the operation of pool . valve means for actuation of same, and programmable 
related condrtioning apparatus in a pool system, said input means formed for receipt and storage of time 
pool system includes a pool, pool related conditioning scquene input and formed to produce a timing signal 
apparatus including solar heating apparatus and nan- based upon said input, and said controller means further 
solar heating apparatus, a hydraulic circuit coupling at 60 being formed with circuit means coupled to said sensing 
least a portion of said conditioning apparatus to said apparatus, said actuating means and said programmable 
pooL sensing apparatus mounted in said pool system and input means for control of operation of said pump 
formed to sense pool water temperature and radiant means and said valve means,, wherein the improvement 
temperature proximate said solar water heating appara- in said controller means comprises: 
l us, and controller means including te mpera ture level 65 . said programmable input means further includes a 
setting means and comparator means coupled to said totalizer, a time setting input means connected to 
sensing apparatus and said conditioning apparatus and said totalizer, and a counter connected to said total- 
formed to actuate said conditioning apparatus in re- izer, said totalizer being further connected to said 
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programmable timer and formed when enabled by pool and to input said counter with a logic false 

a logic true signal from said programmable timer to signal upon actuation of said pump means when 

output a logic true signal whenever the value in . filtering pool water coming from said spa. 

said counter is less than the value in said time set- 29. A method for controlling the operation of pool 

ting input means, said totalizer being coupled to 9 related conditioning apparatus in a pool system* said 

said logic circuit to cause actuation of said pump pool system including a pool, pool related conditioning 

means upon output of a logic true signal; apparatus including a (liter pump and a pool water 

said logic circuit being farther formed to input said filter, a hydraulic circuit coupling said pool to said filter 

counter and increase the valu e the rein during acta- pump and -said filter sensing apparatus mounted in said 

ation of said pump means m response to said seas- 10 S y«em and formed to sense temperature and the 

ing apparatus; p r esence of pool water, and controller means formed 

said programmable timer being connected to said for input of preset timed intervals for timed operation of 
counter to input said counter and increase thevalue 8ai<J mter pump mA formed for input of a preset total 
therein during programmed time mtervals, andsaid • time 0 f filter pump operation and coupled to said sens- 
programmable timer being formed and connected . " mg apparatus and said filter pump and formed to actuate 
to said counter and said counter bemg formed to ., fllter m response to said sensing apparatus, 
periodically reset said counter to a beginning value met hod comprising the steps of: 
upon receipt of a signal from said programmable ^^^g ^ £lter pump inrSponsc to temperatures 

27. The controller means as defined in claim 26 and, 26 ^^^^i^fii^^^^S'S^.tonoe with 
a source formed to generate a timing signal at a con- ° P ^Tt r ^ ^^^^ 

slant rate aftd coupled to said logic circuit in ad- 

vance of said counter, said input to said counter nf^^jz j?^*^^ fa rmmtm ^ to 

from said logic circuit and said programmable CO the time of filter pump operatton in response to 

timer both being connected through logic gates, to 25 temperature^sensed, and . ■ 

permit passage Of -said timing signal to said counter 00 the time of filter pump operation m accordance 

upon receipt of a logic true signal from either of . with said input preset timed intervals, 

said logic circuit and said programmable timer. wtth the input for total time of filler pump operation; 

28. The controller means as defined in claim 26 _ _ 
wherein, 30 terminating filter pump' operation by said controller 

said pool system further includes a spa; • means when said total time of temperature sensed 

said logic circuit is formed to input said counter with and interval input operation equals said input of a 

a logic true signal upon actuation of said pump preset total time of filter pump operation.. 

means When filtering pool water corning from said • • » • • 

35 



26$ 
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IN TTttE UNTIED STATES PATENT & TRADEMARK OFFICE 

APPLICANT: MICHAEL E. TOMPKINS § 

AND MICHAEL J. GREEN § GROUP ART UNIT: 2314 

§ 

SERIAL NO.: 08/162,420 § 

§ EXAMINER: E. Ramirez 

FILED; December s, 1993 § 

§ 

FOR: SPA CONTROL SYSTEM § Batch No.: B54 

PETITION TO WITHDRAW APPLICATION F ROM ISSUE 

Commissioner of Patents & Trademarks Date: February 7, 1995 

Washington, D.C. 20231 Docket No.: 86-1198-06 

Sir: 

Applicant respectfully petitions to have U.S. Serial No. 08/162,420 withdrawn from 
Issue pursuant to 37 CJ^R. §13 13(b)(5). The Assignee of the present invention recently 
(after June 10, 1994, the date of allowance) has learned of prior art patent, U.S. Patent No. 
4,332,297, during the course of related litigation on a commonly assigned patent. The 
Assignee of the present application desires the Examiner to review U<S. Patent No. 
4,332*297 (a copy of which is attached as Exhibit A) when passing on the allowability of this 
application. On September 9, 1994, the Assignee filed with the Office an advertisement that 
appeared in the November 3, 1986 (Vol. 25, No.21) issue Of Pool & Spa News. A copy of 
this advertisement is attached as Exhibit B. Assignee also requests the Office to consider 
this advertisement. The Assignee understands that the application currently is in the Draft 
Branch, and no issue date has been assigned. The fee for this Petition may be charged to 
Deposit Account No. 15-0697 of David Ostfeld, P.C. 

The Assignee owns U.S. Patent No. 5,361,215, which has a common parent with this 
application. On November 14, 1994, Assignee filed suit in the Southern District of Texas 
on U,S. Patent No. 5,361,215. The defendant in that case has argued in subsequent 
pleadings that the *215 patent is invalid based upon U.S. Patent No. 4322,297. 

The Assignee request that the Office consider U.S.Patent No. 4,322,297 and the 
Pool& Spa News advertisement. Consequently, the Assignee requests the Office to withdraw 
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U.S. Serial No. 08/162,420 from issuance and abandon it as set out in a separate File 



Wrapper Continuing Application (FWC) Transmittal filed concurrently with this Petition. 



I hereby certify that the attached communication is being deposited in the United 
States mail as Express Mail Next Day Service, No. NB268205619, in an envelope addressed 
to Commissioner of Patents and Trademarks, Washington, IXC. 20231, on February 7, 1995 
from Houston, Texas by Donna G. Davis. 

In the event that such communication is not timely filed in the United States Patent 
and Trademark Office, it is requested that this paper be treated as a petition and that the: 

_2L delay in prosecution be held unavoidable - 35 U.S.C 133. 

JSL delay payment of the fee be accepted - 35 TJ.S.C 151. 

The petition fee required is authorized to be charged to Deposit Account No. 15- 
0697 in the name of David Ostfeld, P.C 

The undersigned declare further that all statements made herein are true, based upon 
the best available mtormation; and further, that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that 
such willful false statements may jeopardize the validity of the application or any patent 
issuing thereon, 



Respectfully submitted, 




David Ostfeld, Reg. 27,827 
Attorney for Applicant 
Chamberlain, Hrdlicka, White, 
Williams & Martin 
1200 Smith Street, Suite 1400 
Houston, Texas 77002 
(713) 658-1818 
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David M. Ostfeld, Reg. No. 27,827 
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Customer: 

Please tear off this stub and keep it for reference when 
depositing prepaid Express Mail Next Day Service shi) 
fn Express Mail collection boxes or when giving prepaid t^, «« 
Mall Next Day Service shipments to Postal Service personnel. 
Affix the remaining labei set to your shipment. DO NOT 
REMOVE THE CUSTOMER COPY. It win be completed and 
mailed back to you. For reference, write on this stub the date 
that the shipment was mailed and initial the stub frf deposited 
in an Express Mail collection box). Deadlines for deposit for next 
day delivery differ according to destination; To ensure next day 
delivery consult your fecal Express Mail directory. 



PRIVACY ACT: Your name and address may be used by the 
Postal Service to send you updated rnformation about Express 
Mail service. You may request removal of your name and 
address from our mailing list by wrfting Assistant Postmaster 



Genera^ Marketing Department, US>S, Washington, 
202606300. Authority: 39 U-S,C. 401, 403, 404. 
AdditionaJ infcmtatton on Express Mail Service can be obtained 
D^irJPOstoTfg or by-writing USPS Headquarters. Washington. 
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Service Guarantee: 

If this shipment is mailed at designated USPS Express Mail service facilities I 
on or before the specified deposit time for overnight delivery to the addressee. I 
it will be delivered to the addressee or agent before noon or 3:00 p.m. the next I 
day. Upon application by the mairer. the USPS will rotund the postage for thfs I 
shipment if it is not delivered before noon or 3:00 p.m. of the next day. unless I 
delivery was attempted, but could not be made, or because this shipment was I 
delayed by strike or work stoppage. Consult your local Express Mail directory I 
for morning and afternoon delivery areas. See the Domestic Mail Manual. I 
Chapter a for details. Signature of the addressee; addressees agem, or delivery I 
employee Is reouired upon delivery. 1 
Express Mail International Service mailings are not covered by this service 1 
guarantee. See the International Mail Manuaf for details. 1 



(See Section 295 of the Domestic Mail Manual for exclusions of coverage, such I 
as negotiable items and consequential loss.) I 

(1) Merchandise Insurance. MercharxSfse is insured against toss, damage or I 
rifling up to a maximum of $SOO. Indemnity will not be paid for spoilage of I 
perishable it ems. r i 

(2) Document Reconstruction Insurance. Non-negotiable documents are insured fi 
flST^L!. 088 * damage or rifling up to SSOOOO per piece subject to a limit of I 
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